The paper investigates the relationship between short selling activities of stocks on the volatility of the US market and its sectors. We apply the multivariate DCC GARCH Model on the NYSE US 100 Index between November 2017 and October 2018. We find evidence that investments in some specific firms on the market reduce the market volatility and higher short selling activities reduce risk in the market. The study also finds that firms in the financial sector dominate the market and short selling activities in this sector has a greater impact on the market volatility. We also find portfolio managers to be better off investing in the market than creating portfolio within sectors.
INTRODUCTION
The activities of short sellers in financial markets were largely criticized and argued to be one of the factors which caused the financial crises of 2007/2008 as the practice aggravated market volatility and in extreme cases destabilised the market (Jain et al., 2013) . Short sellers were also argued to be manipulators of stock prices during the crises (McGavin, 2010) . This led to a ban on short selling that was later lifted in some markets and strict regulations were introduced in attempts to reduce volatility and strengthen the weakening market. This paper follows these literatures and investigates the effect of short selling on the financial markets after the crisis (Bohl et al., 2016; Deng and Gao, 2018; Sobacı et al., 2014) . Short selling still remains a very risky and aggressive investment strategy used by traders in the financial markets. In cases when large number of traders and investors decide to short a particular stock, their actions impact on the stock prices. Several companies have blamed the activities of short selling for the price decline in their stock and also criticized as short seller profit only when companies are performing poorly (Desai et al., 2002) . Angel and McCabe (2009) argues short selling creates incentives for illegal activities in the financial markets such as the spread of false information. Short selling remains controversial and regulators have enacted several bans on different occasions to regularize the practice to avert crises. However, the practice still continues to be a major contributing factor in any financial crises.
We follow Baklacı et al. (2016) by focusing on the effect of short selling on the various sector of the market (10 sectors of the US economy).
Especially, we show that the financial sector dominates the market with more companies that affect the volatility. The results of the DCC-GARCH estimates indicates just about 15.97% of firms directly affects the volatility of the market. We find that investment in specific companies listed in the NYSE US 100 Index decrease the volatility of the market. Our results also show only two sectors; industry and consumer staples have some specific companies that increase the volatility of the market. On the contrarily, the financial, the financial, materials, health care, energy and consumer discretionary sectors consists of companies that reduce the market volatility.
The remainder of the paper is structured as follows. Section 2 gives analysis of existing literature on short selling activities. Section 3 provides the data and methodology. Section 4 provides the empirical results of the study and the section 5 concludes.
LITERATURE REVIEW
Short sellers borrow and sell shares in an anticipation of falling share prices. Short interest is derived from the short selling trading activity. It is expressed as a percentage of the short sale of shares to the shares outstanding. Short sellers were identified as one of the key triggers of the recent financial crises commencing in 2008 (McGavin, 2010) .
The collapse of Lehmann Brothers in September, 2008 led to the emergency ban on short selling by the regulator; Securities and Exchange Commission (SEC) which caused a wider impact of falling stocks. Other countries such as Australia, Britain, Canada, Germany, Ireland, Portugal and Taiwan also imposed restrictions on short selling. These restrictions have been extensively studied in existing literature (Alves et al., 2016; Boehmer and Wu, 2013; Beber and Pagano, 2013) . Imposing constraints on short selling activities can lead to overvaluation which makes it hard for securities prices to reflect on negative market information (Miller, 1977; Hong and Stein, 2003; Chen et al., 2002) . The removal of these constraints can reduce stock crashes as argued by Hong and Stein (2003) . Bris et al. (2007) conclude market returns are significantly negatively skewed when constraints are put on short selling while Beber and Pagano (2013) argues liquidity decreases and slows the price discovery process.
There are several literatures that focus on short interest and the activities short selling with opposing arguments. While some do find good and positives in this trading strategy by complicated investors, others have criticized their activities. Miller (1977) who was the originator of short selling argued on price discovery impairment as a result of negative information of the markets due to short sale constraints. Bianchi and Drew (2012) argue positively for short selling as it can be employed as a hedging tool.
Woolridge and Dickinson (1994) show short sellers enhance market liquidity by buying back the shares when prices fell. Warren Buffet a well know Wall Street tycoon also believes short selling help in identifying fraudulent corporate activities and is very key in forensic accounting (Bianchi and Drew, 2012) .
The aftermath of the financial crises resulted in several literature criticizing the short selling strategy with tighten laws by the Securities and Exchange Commission to check the activities of short selling. Their argument was that short selling could artificially depress prices and weaken market efficiency. Several researchers have considered short selling as a market manipulative activity. Short sellers negatively affect the financial market by increasing volatility and instability while beneficial by increasing efficiency and price discovery (Henry et al., 2015; Feng and Chan, 2016) . Henry and McKenzie (2006) find market display greater volatility after a period of short selling while Cáceres et al. (2015) conclude volatility can be reduced by imposing constraints on short selling activities.
Literature on short selling suggests short sales contributes to efficiency in the stock markets (Boehmer et al., 2008; Chang et al., 2014; Boehmer and Wu, 2013; Cohen, 2010; Saffi and Sigurdsson, 2011; Chen and Rhee, 2010; Zhao et al., 2014) as it corrects the mis-pricing in stock. However, the constraints placed on short selling activities have been concluded by several researchers to decrease market liquidity resulting and in higher volatility and poor market quality Sobacı et al., 2014; Wang et al., 2013; Lee and Piqueira, 2017) .
This paper contributes to the existing literature on short selling and focus on the impact of short selling activities on the various sector of the US economy and the individual listed stocks on the market volatility. To our best of knowledge, no literature has focus on the sector impact of short selling activities on the market volatility.
METHODOLOGY AND DATA
We build a daily frequency time series data comprising of short selling volumes, listed stock prices and prices for the market represented by the stock index. The short selling data are mainly retrieved from the Financial Industry Regulatory Authority (FINRA) website. The study uses 95 listed firms in the NYSE US 100 Index. The firms are categorized into 10 sectors of the US economy; Communication, Consumer Discretionary, Consumer Staples, Energy, Financials, Health Care, Industries, Materials, Technology and Utilities. The data of the NYSE US 100 Index and prices of all the companies are retrieved from the NYSE website which are published daily. The dataset consists daily log returns in the period November, 2017 -October, 2018 (23,562 obsevations)
The daily log returns for the firm i on dat t is given as
where p it and p it−1 are the closing prices of the firms and index for days t and t−1, respectively.
To identify the impact of short selling on the volatility of the market, we employ the multivariate Dynamic Conditional Correlation (DCC) Generalised Autoregressive Conditional Heteroskedasticity (GARCH) model that identifies stock markets volatility spillovers across different markets proposed by Engle (2002) . The model has the flexibility of the univariate GARCH models coupled with parsimonious parametric models for the correlations (Engle, 2002) .
The conditional correlation matrix of the DCC GARCH as proposed by Engle (2002) expressed as
where D t is the diagonal matrix of conditional variances defined, R t is the n × n correlation matrix defined as
where diag (A) denotes a matrix with diagonal equal to the diagonal of A.
where ε t is the vector of standardized returns,
with α, β > 0 and α + β < 1.Q represent the n × n unconditional matrix for the short selling volumes of the firms i and Q t represent the conditional volatility of the NYSE US 100 Index.
The logarithm of the likelihood function of the DCC GARCH model is
Thus, positive conditional volatility provides empirical evidence of volatility persistence in the market.
RESULTS
In order to investigate the relationship between the Volatility of the NYSE US 100 Index and short selling volumes of the equities, we evaluate the estimates of DCC GARCH for all 95 companies. Out of the 95, only 19 companies showed significant impact on the volatility of the index as shown in the Annex. These 19 companies are re-evaluated to show the actual impact of short selling trades on the conditional volatility. The estimates in Tab. 2 indicate 15 companies have impact at 5% and 10% levels of significance on the volatility of the index. The estimates also indicate just about 15.97% of the firms significantly affects the conditional volatility of the index. We proceed to perform the sector analysis of the effect of short selling on the market. The initial results reveal short selling activities of companies in the technology and communication sectors on the NYSE US 100 has no impact of market volatility and the respective sectors. The utilities sector in the index consist of three companies. The Southern Company (SO) with coefficient of (0.0002) has little or no significant impact at of the market volatility. Hence, we conclude short selling activities has no effect on the market volatility.
The material sectors consist of 7 companies. Two companies Alcoa Corporation (AA) and Freeport-McMoRan Inc (FCX) with coefficients −0.0006 and −0.0007 are both significantly at 5% and 10% respectively. These companies have negative relation to the market volatility; thus, they reduce the market volatility. Alcoa Corporation in additional also reduce the volatility of the sector. We conclude the materials sector on the NYSE US 100 index reduce the market volatility.
The health sector consists of 12 companies representing 12.60% of the market. Danaher Corporation (DHR) is the only significant companies in the health sector with coefficient 0.0002. This indicates a positive relationship between the sector and the market implying the sector increase the volatility of the market. No company however significantly affects the volatility of the sector.
The market is dominated by the financial sector which represent 22.10% consisting of 21 companies. Berkshire Hathaway Inc. (BRK-B), Mastercard Incorporated (MA), Prudential Financial Inc. (PRU), Simon Property Group Inc. (SPG) and U.S. Bancorp (USB) are all companies that affect the volatility of the market. The coefficients −0.0015, 0.0008, −0.0005, −0.0002 and −0.0005 respectively are all significant at 5% and 10% levels. Mastercard Incorporated (MA) increase the volatility of the market while the remaining companies significantly reduce market volatility.
The energy sector consisting of 13 companies has just Devon Energy Corporation (DVN) with coefficient −0.0004 significant affecting the volatility of the market. It reduces the market volatility while increasing that of the energy sector. The consumer discretionary sector also consists of 8 companies with Ford Motor Company (F) and Las Vegas Sands Corporation (LVS) with coefficients −0.0016 and 0.0010 at 5% and 10% significant levels respectively affect the volatility of the market. Ford Motor Note: * and ** denotes statistical significance at 5% and 10% levels, respectively.
Company has a reducing impact while LVS increase the volatility. Both companies have similar effect within the volatility of the sector. The results of the estimates show significance evidence that the market volatility is impacted by some specific companies. Most of these companies significantly reduce the volatility. We interpret these results as higher short selling activities reduce the uncertainties in the market. Note: * and ** denotes statistical signifincance at 5% and 10% respectively.
Robustness Analysis
We run a robustness analysis to confirm the effect of short selling activities of the various sectors of the market. We divide our data in 4 distinct time periods ( (Gama and Vieira, 2013; Casado et al., 2013) .
The estimates for the various periods are consistent with our results that some specific firms affect the volatility of the market. While the firms in Period 1 indicate the increase in market volatility, firms in periods 2, 3 and 4 show a significant effect of short selling activities decreasing volatility. We interpret these results as short selling reducing the risk of investors during holiday periods which can results in abnormal returns on investments.
DISCUSSION AND CONCLUSIONS
This paper investigates the impact of short selling activities of stocks on a single index (NYSE US 100 Index) in the US market using DCC GARCH model proposed by Engle (2002) and focuses on the impact of the various sectors. The results of the DCC-GARCH estimates indicates just about 15.97% of firms directly affect the volatility of the market which is dominated by the financial sector. We find evidence that investments in specific companies listed on the NYSE US 100 Index decrease the volatility of the market. The sector analysis shows the technology and communication sector have no effects on the market, while the utility sector has an insignificant impact.
The industry and consumer staples sectors estimate show weak positive impact on the market by increasing the volatility. The financial, materials, health care, energy and consumer discretionary sectors estimates show a strong significant negative impact of the market. Short selling activities of these sectors reduce the market volatility. These results are consistent with literature (Sobacı et al., 2014; Cáceres et al., 2015) who conclude short selling activities is associated with decreased market volatility These results show short selling reduces the risk on investments which can lead to higher returns.
The sector analysis also indicates portfolio managers may achieve higher returns by investing in the market rather than creating portfolio within sectors. The implication of our results is that investors can use short selling as a hedging tool to reduce their risk exposure (Bianchi and Drew, 2012) . Portfolio managers can also increase their short positions in the identified specific firms that reduce market volatility in their portfolios. In so doing, the investors are expected to achieve higher returns with minimal risk.
The findings of this paper include implications for the regulatory bodies. The results show the need for closer monitoring of short selling activities on sector to sector basis. This will give the regulators informed knowledge of how the activities of short selling in the sectors affect the market volatility. This may lead to specific regulations on short selling on the sectors.
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